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O u t l e t  Works, plan and sea t ion ,  

le 1 2  soa le  model.. 

E f f e c t  o f  g a t e  des ign  on f l o w  dis t r ibut ion--ga te  23% open, 
80 f o o t  head,  and 200 c f s  discharge.  

Standard 4'x5 high'-pressure gate .  

Coneave l e a f  design s o  

Concave ga te  leaf..-.-Design 1 2. 

Gate s l o t  d e f l e s t o r s .  

Modified gate  w i t h  f l a t  leaf--operat ing i n  wfhe-open and 5% 
c losed  pos i t i ons .  

Drscharge oapaci ty  curves o 

Standard Design--Modif i e d  Design-=- 
with e i t h e r  f l a t  o r  concave leaf 

D i  scharge oapac i ty  curves 
Out le t  Works. 

Flow oondit ions i n  t h e  s t i l l i n g  bas in ,  

Alignment o f  t h e  s t i . l l f n g  b a s i n  t r a i n i n g  walls-. o r l g i n a l  design.  

Tail w a t e r  e l e v a t i o n  r equ i red  to prevent  sweeping pool  out  of 
t h e  s t i l l i n g  bas in  m d  amount of tail water  ava i l ab le .  
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regulating gate and s t i l l i n g  basin--Cedar Bluff ~nit--&.s sou15 
River Basin Projoot, 

To determine the f i ~  character is t ics  of the  Cedar Bluff Dam 
Outlet 'L:?orks regulating gato o-nd the effeotiveness of the  s t i l l i n g  basin 
i n  dissipating the  destructive energy of the  released vtnter. 

1. The standard high-pressure slide gate ( ~ i g u r e  5) i s  not suitable 
f o r  use i n  Cedar Bluff Outlet M o r l ~ s  o r  i n  any similar  struoturo where 
the flow passes direct ly in to  a s t i l l i n g  basin which u t i l i z e s  a hydrau- 
lic jump f o r  energy dissipation, A t  sna l l  gate openings and a t  heads 
greater thnn 30 f ea t  the flow from the gate forms a solid,  high-velooity 
j e t  i n  the centor of the chute downstream fram tho gate ( ~ i g u r e  a), A t  
heads o f  50 f e e t  o r  more t h e  j e t  springs f ree from the f loor  of the  
ohuke and a t  heads of 90 f ee t  or mom the  j e t  sweeps the  water out of 
the s t i l l i n g  basin, 

2. The convex upstream face and rounded upstream lcrwer edge of the 
gate leaf ,  together with the  wide gate s lo t s  of the  stmdard design, 
produoe a nonunifom-flow contraotion through t h e  go.-t;e which resul t s  i n  
the flow conaentra-bion described i n  Conolusion No, 1. 

3, Modifying the gate by replacing the standard convex leaf  w i t h  
a f l a t  one, 3 inches th ick ,  and narruwing t h o  gate s lo t s  t o  aooamoda%e 

-. the thinner l ea f  greatly improve t h e  f low characteristios of tho gate. 

4, A bot tcr  fPm distr ibut ion than t h a t  with the  f l a t  loaf i s  
obtained by using tho concave leaf  t e s t ed  i n  the labomtory ( ~ i g u r o  7 ) *  . 

5, The wedge-shaped deflectors plaaed immediately upstrean f ron  
the gate s l o t s  i n  tho dosign recommended fo r  the Cedar Bluff Outlet 
IYorks deflect the water p a s t  the s l o t s  and provent regions o f  sosore 
suba-tmosphoric pressure and possible cavitation ( ~ i g u r e  8 ) ,  



- 
subsoquon% oxpansion occur as  the wate r  passes tho gwte s l o t  d a f i e c t o r s ,  
Tilo expanding flovr impinges on tho  t r a i n i n g  vinlls and fonils la rgo,  objeg- 
t iomb1.e f i n s ,  Tboss f i n s  aye elinlinated by closing t he  gato about 5 
porcent,  

7, The Cedar B l u f f  lXlCle-t lVorl:8 s t i l l i n g  basin,  a s  orill;i.:~:~lly 
designed of 'fagtively dissipates the des t ruot ivo  energy of t h e  disoharging 
vmtor wllon +,his vrnter eulCe.t.n t he  bas in  wi%h uuif o m  d i s t r i b u t i o n .  

. 
8, Tlle m & u c % ~ o n  i n  t h o  mte 02 divergence of  t h e  a t i l l i n y ,  bnsin 

t r a in ing  ~ v z l l s  at; Sfxkion  1L+31,50 ( ~ i g u r e  13) resul2;s in cii;;sokl ol:nbls 
.'-'ins ulong tI.10 v r ~ . l l s .  By exkond in~  t h o  %min ing  w l l s  i u  sl;rai@t l ines 
Zrom %:lo gate t o  Btzkion 11+$7.50 r ~ i g u r o  31, t h o  f ins are eliminated.  

9, Discharge o q a o i t y  curves f o  t ho  s tuadurd design and f a r  the 
x n d i f i o d  design with narrow ga te  ,ulots= s l o t  de f l eo to r s ,  and e i t h e r  the 
f l a t  or the concave l e a f  nro presented i n  Figuro LO, 

10, Discharge o a p a c i b ~  c u w o s  f o r  the 0~1t1e-t; works w i t h  t h e  mdifi-ed 
g ~ . t o  arc presented i n  Figure 11, 

1, Use +he f la t  gn5e l e a f  toget l le r  wi th  narrow g a t e  s l o t s  and gate 
s l o t  d e f l e a t o r s  i n  the Cedar Bluff Out le t  Works structurs. 

2 ,  Linit the get* opening t o  ahout  95 peroent of fu l l -open except 
in cases of erne-genoy  hen t h e  f u l l  oapaoity i s  required. 

3. Construst  +Ale stilling basin t r a i n i n g  v f r z l l s  i n  s t r a i g h t  l i n e s  
Pram the gate t o  S-F;ation ll+77,SO, 

Cedar B l u f f  Dnm i s  looatad on t h e  Smoky Hill River* 22 miles mst of 
Iiry.2 =d 19  mi les  south of ';r&:::.cx:sg i n  'LV6st-Central Kansas ( ~ i g u r e  l), 
It; is a compacted ear th  ,rtru,oe~rr; rising 136 fe3t  above the riverbed a d  
forms a ruscmoir w i t h  a ~ tomgt - l  capnci-hy of 768,400 acre-feel, An o w r -  
,''lav s p i l l ~ m y  t o  pass flood v;n.t+r;; i s  provided a-t; tho right bank of the 

.' dam u d  82t ou+ilet vrorks for the ~ l o m l  r e l e a s e  o f  r i v e r  vmter i s  p~.avidod 
near +he left bank. 

Tho ouLulet works consi8.f; of a trasllmck stmeturn, a conduit  lrrhioh 
passes khrough the d n ~ ,  u 4- by 5-foljt emergency ga-t;e, C- hjr f ; -p.-+ , ,C u 

regulating guto, a c o n ~ r o t s  s t i l l i n g  basin, and a channel vrhioh convop 
the discliarged r v a t n r  t o  t h e  r iverbed (I?igure 2), Present  plans c a l l  f o r  
%%e rolea,se of  200 se~ond-.fee+ of  vrater at a normal o p e m t i n g  head of 80 
feet and rr n".j;i~rux. head nf 15G feet;, IIydraulio model s t u d i o s  were 



o p e r a t i n g  c h a r a c t e r i s t i c s  of t hese  s t r u c t u r e s  and t o  make any des ign  
changes ind ica t ed  t o  in su re  proper hydraul io  opera t ion ,  

THE MODEL STUDIES 

Descr ip t ion  of t h e  1012 S o a l e  Model 

The model. was construoted on a 1812 sca l e  i n  a wooden box l i n e d  w i t h  
shee t  m t a l  ( ~ i g u r e  3 ) "  The o u t l e t  works conduit  was cons t ruc ted  of s h e e t  
motal and terminated i n  a model of t h e  4- by 5-foot h igh -p~essu re  rogulat-.  
l n g  s l i d e  g a t e ,  The conduit  was made s h o r t e r  t han  the  t r u e  soa la  l eng th  
because tho s tudy was concerned only  with t he  o u t l e t  end, However, t h e  
propor model t o  prototype r e l a t i o n s h i p  of  pressures  and v e l o c i t i e s  a t  t h s  
gate was maintained f o r  any discharge  by proper  s e t t i n g s  of t ho  g a t e  and 
t h o  S-inch c o n t r o l  valve.  A f lw s t r a i g h t e n e r  was placed i n  t h e  conduit 
 mediately do~vnstream from t h e  c o n t r o l  valve t o  provide uniform f low 
i n t o  the model, The s t i l l i n g  bas in  chute and f l o o r  were formed i n  con- 
c r e t e  sareeded t o  meta l  templates  and t h e  t r a i n i n g  w a l l s  were made of o i l -  
t r e a t e d  plywood. A s e c t i o n  r ep resen t ing  148 f e e t  of the  canal  downstream 
from tho  s t i l l i n g  b a s i n w a s  formed i n  pea  gravel ,  The s t i l l i n g  b a s i n  tail 
water  e l e v a t i o n  was regula ted  by a t a i l g a t e  plaoed a t  t h o  lower end of the  
model. S u i t a b l e  gages were used t o  measure t h e  t a i l  wa te r  e l ev&t ion  and 
tho  pressure  head i n  tho  pipe immediately upstream from t h e  model ga t e ,  
Water was supplied t o  t h e  model by the  l abora to ry  system which contained 
v e n t u r i  meters  f o r  measuring the  r a t e  of flow, 

I n i t i a l  Tes t ing  of O u t l e t  Works -- 
A t  l a r g e  openings t h e  f low through t h e  s tandard ~ a t e  oacurred 

smoothly, Horvover, at near-closed g a t e  s e t t i n g s  and a t  heads g r e a t e r  
than  Z0 f e e t  t h e  f low became concentrzted i n t o  a s i n g l e ,  high-veloci ty 
'.let, i n  t h e  cen te r  of t he  chute do~vnstream frcm t h e  g a t e ,  A t  heads of 
LO f e e t  o r  more t h e  j e t  sprang f r e e  from t h e  chute  f l o o r  and impinged on 
t h e  sur face  o f  t h o  s t i l l i n g  pool  ( ~ i ~ u t - e  44). A t  t h e  20-percent open 
pos i t lo l l  end a t  n head of 90 f e e t  t h e  a c t i o n  of t h e  j e t  was so v i o l e n t  
t h a t  t h o  t a i l  rvtster was swept completely o u t  of t h e  s t i l l i n g  bas ino  It 
1.vas ~ b v i o u s  t h a t  t h e  f low through t h e  g a b  v~ould have t o  he improved if 
tho o u t l e t  works were t o  func t ion  p rope r lyo  

l n r e s t i g a t i o n  of S l i d e  Gase 

Standard Desipp 

Model t o s t s  were conducted i n  an at tempt t o  i s o l a t e  t h e  e f f e c t  o f  
aa r l cus  pnrt.s of t h e  s tandard  :ate des ign  on t h e  flow p a t t e r n .  The 
effeci ts  of  t he  2-inoh o f f s e t  i n  t h e  f l o o r  of  t h o  g a t e ,  t h e  ga te  s l o t s ,  
m d  t h e  yhape of t h e  ga te  i e a f  were inves t iga t ed .  

I 
The c e n t e r l i n e  of the dawnstrorun g a t e  frame of t h e  4- by 5-foot 

iiigh-pressure s l i d e  gate  i s  2 inches lower than t h e  c e n t e r l i n e  of  tile 



s r u c t u r o ,  t h e  f l o o r  a t  t h e  lower end of t h e  upstream frame curving d i m -  
ward on a 30-inch r a d i u s  t o  meet the  bottom s e a l  end t h e  f l o o r  of t h e  
downstream frame (Figure 5 ) .  To determine the  e f f e c t  o f  t h i s  o f f s e t  on 
th6 f low through t h e  g a t e ,  t he  f l o o r  o f  the  do~vnstrenm frame was covered 
with beeswax so t h a t  t h e  passage f l o o r  continued l e v e l  from the upstream 
f ranc  u n t i l  i t  f a i r e d  i n t o  t h e  chute .  The f low through t h e  modified gate  
was s i m i l a r  t o  t h a t  w i t h  the o f f s e t ,  except  t h a t  l e s s  spray was presont  
( ~ i g u r e  45), therobjr i n d i c a t i n g  t h a t  t h e  o f f s e t  was n o t  a major f a c t o r  
con t r ibu t ing  t o  t h o  f low concant ra t ion ,  The beeswax was the re fo re  romoved. 

The e f f e c t  of t h e  gate  s l o t s  on the  f low when t h e  s tandard  l e a f  was 
used was determined bjr f i l l i n g  the  po r t ions  of tho  s l o t s  exposed t o  t h e  

a discharg ing  water w i t h  modeling c l ay  t o  mske t h e  s idewal l  s u r f a c e s  con- 
t inuous ,  No bas i c  change i n  t h e  f l o w  p a t t e r n  r e s u l t e d  from t h i s  alter- 
a t ion ;  t he  o n l y  e f f e c t  was a reduct ion  i n  t h e  amount of spray.  

(The o t h e r  f e a t u r e  t e s t e d  was t h e  shape of t h e  ga te  l e d .  The l e a f  
of t h e  stnadard ga te  i s  constructed w i t h  the  downstrean f a c e  f l a t ,  t h e  
upstream f a c e  convex i n  t h e  h o r i z o n t a l  plane,  and an 18-1/8-inch rad ius  
i n  the  v e r t i c a l  plane a t  t h e  lower upstream edge ( ~ i ~ u r e  5), To determine 
t h e  e f f e c t  on the  f low of changing t h e  shape of t h e  l e a f ,  rec tangular  

I b a r s  equ iva l sn t  t o  3 ,  6 ,  and 9 inches h igh ,  6 inches t h i c k ,  and extend- 
i n g  t h e  f u l l  width of  t h e  ga te  were f a s t ened  t o  the  bottom of the  model 
l e a f .  Considerable improvement i n  t h o  f low re su l t ed ,  t h e  g r s a t e s k  improve- 
ment being noted f o r  t he  h i g h e s t  bar. In a l l  cases  whon leaf b a r s  wero 
used t he  g a t e  s l o t s  had a pronounced s f f e c t  on t h e  flow. With t h e  s l o t s  
open t h e r e  was a heavy spray and tho  f low sprang f r e e  of t h e  chute f l o o r .  

t he  s l o t s  f i l l e d  w i t h  modeling c l ay  the flow was smooth, spread 
r e l a t i v e l y  ml1 on t h e  chute f l o o r ,  and shovred l i t t l e  tendeccy t o  s p r i n g  
f r e e  o f  t h e  f l o o r .  The d is turbance  produced by the  s l o k s  vrhen t h e  bars  
were used was due t o  t h e  c o n t r o l  p o i n t  being a t  t h e  upstream bottom edge 
of t h o  gate  l e a f ,  This  permi t ted  the high-veloci ty water  t o  e n t e r  t h e  
s l o t s  and cause cons iderable  turbulenoe. 

To move t h e  con t ro l  p o i n t  a s  f a r  as poss ib l e  downstream, a l e a f  
extension equiva lent  t o  1 inch i n  th ickness  and 7-1/2 inohes  high was 
fas tened  t o  t h e  bottom downstream corner  of t h e  leaf, The flow obtainod 
:.rith t h i s  modif ica t ion  and wi th  t h e  ga te  s l o t s  open compared favorably  
;vith t h a t  obta ined  wi th  t h e  9-inch high b a r  and t h e  s l o t s  f i l l e d .  L i t t l e  
improvament was obtained i n  t h e  f l o w  p a t t e r n  by f i l l i n g  t h e  ga te  s l o t s  
when t h e  l e a f  extension was used. 

The mods1 t e s t s  conducted t o  t h i s  p o i n t  i n d i c a t e d  t h a t  . t h o  oonvex 
upstream f a c e  and t h e  rounded upstream lower edge of' t h e  g a t e  l ea f  were 
the  pr imary  causes of t h e  conoentratad flow. The secondary cause was 
ttle d is turbance  produced by t h e  wide ga te  s l a t s  whtirs tho  poin?; of c o n t r o l  
I n  t h e  g a t e  was a t  t he  upstream bottom edge of t h e  l e a f .  



A new gate 1 eaf was developed through the  combined e f f o r t s  of t h o  
!liscnanica.! Dosign Sect ion  and t h e  Hydrau1i.o Laboratory which cou3.d bo 
usod f o r  t h i s  and o t h e r  i n s t a l l a t i o n s .  This  ga t e  loaf  e l iminated  or  
nunlmized tho  sources of f low dis turbances  found i n  t h e  s tandard l e a f ,  
F'l.rsc the  upstream f a c e  of t h o  l e a f  was mado f l a t ,  Second, t h e  bottom 
o f  the gate l e a f  was made w i t h  a square edge on t h e  u p s t r e m  faco, Th;t-d, 
t h e  g a t e  th ickness  was reduced f r o m t h e  previous minimum of 6,6 inches  t o  
3 ~ n z h e s ,  This p e ~ m t t e d  the  use of narrow ga te  s l o t s  ( 3 . 8  inchos wide 
as compared 114th t h e  previous width of 6 0 8  inches)  w i t h  a corresponding 
roduct icn  i n  t h e  f low dis turbances  produced by t h e  s l o t s .  A l l  o f  these  
des ign  changes were r e a d i l y  adaptable t o  t h e  s tandard g a t e  frameo 

Th9 performance of tho ga te  s t r u c t u r a  using t h e  f l a t  l e a f  and t h e  
narrow ga te  s l o t s  was considerably b e t t e r  t h a n  any previous des ign ,  The 
sproadlng a c t l o n  i n  t h e  chute was g r e a t l y  imyroved even though most of 
t h e  water  was s t i l l  concentrated i n  a  stream t h e  width of the  pa te  
( ? l W r e  4 ~ )  . This concent ra t ion  r e su l t ed  i n  a  rougher s t i l l i n g  pool  
ac t lon  tnan tnrould be obta ined  Ni th  a n  oven s h e e t  of water en te r lng  the 
pool. There was no tendency f c r  t h e  f low to sp r ing  from tho chute f l o o r  
md t h e  w ~ t e r  could n o t  be swept o u t  of  t h e  s t i l l i n g  bas in  under any 
operating condi t ion  of t h e  prototype s t r u c t u r e .  

Tho f.Lat gate- leaf  des ign ,  a l though recommended f o r  use i n  t h e  
Cedar EJ.ui'f O u t i e t  'rVorks, does n o t  r ep resen t  t he  b e s t  design,  from a. 
hyciraulic s tandpoin t ,  evolved from t,ho nodel  s tud ie s .  The design was 
chosen bccausc i t  was n modif icc t ion  r e a d i l y  adaptable t o  t h e  ~ t a n d a x d  
cake fra,lno, Y:-s acceptable s t r u c t u r a l l y ,  and presented few manufact'uri.ng 
c l l f f i c u l t i e s .  

Concave Gate Leaf 

Fur ther  s t u d i e s  were conducted t o  develop a gats l e a f  d e s i s n  which 
:.lould producs a b e t t e r  flovr p a t t e r n  i n  the o u t l e t  chute than  t h e  flat 
e I t  was reasoned t h a t  beoauso t h e  change f  r o n  a convex t o  a f l a t  
sur face  on t h e  upstream f a c e  of t h e  ga te  improved the  flow cha rac te r i s -  
5.3s of the g a t e ,  addit.ional im~rovement  could be r e a l i z e d  by making t h i s  
: ace corica-.re., Accordingly, model t e s t s  vmre made on a number of designs,  
.ji! ssseatlaliy ccnaave on the  upstream f a c e  (Figure 6). Design 12 (Fie- 
u r a s  6 and 7) \vas evolved from t h i s  study and, when used i n  t h e  s?;anctard 
. a te  f r m s  v i i  t h  narrow gate  s l o t s ,  r t  produced a n e a r l y  uniform shee t  
:::st moved smoo'thiy dovm t h e  chute i n t o  t h e  s t i l 1 i . n ~  b a s i n ,  The a c t i o n  
cf t h e  pool was oxc.ellent , and t h o  v a r i a t i o n  i n  water  sur face  from wave 
$ r e s t  * G  trouqh was l e s s  than t h a t  f o r  any o t h e r  des lgn ,  Leaf' Design 1 2  
:.'leu J d theref  ore be considered f o r  u se  i n  f u t u r e  s t ruc- turas  vri~ort, u n i f o n ~  
.los:! 1 s  reqalrad dowustrem. ffrom tho gnto,, 



j.xlvosti~,a?5.011~ ycrc m~de .to f i n d  neons o f  ulimian.t;ing the lovrt-pressure 
rag ions  causing tho  cavi.i;a.tfon, Laboratow o.nd f i e l d  a tud ie s  sb,ovrsd t h a t  
c-o,. ,JL-,e c r i t i c a l  pressures oould bo avoided by placing vmclge-shaped defleco. 
t o r s  jus-G ups.tretu2 f r o %  'tho go.to slvto t o  d i r ec t  t h o  f l w  hnat the s l o t s ,  
In  acccrdancti mit;li t h i s  oxperis~lce s l o t  doi ' lectors,  vhich uxkend i r k 0  
tho  psssnco 1 inch and f a i r o d  u p s t r e m  i ~ t o  1;Ie sidevrolls at n lsO angle, 
.$rere i=s*,allod. oc  .the mod31 gats ~ i t h  Gic fla% leaf ( ~ i g u r c  8). 

D u r i ~ g  tho t c s C a  ir: -t~liich khc 6afloctors  vrors used, la rgo f i n s  
u for;r.o<i nlcnt t h o  trai.niog ~ m l l s  irm;ledintsly clo~rnotmam from t h o  gats when 

';?Ic gc.-to was opornI;od 5.3 t h e  f'ulls-span posiCion i ~ i ~ u m  9h), ka exar.liz..- 
'iion o f  t h e  f l ~ v r  rnvc?rtled .tIrnt %t cc:?tractiolz CCCUI-red as t h e  W L L ~ O ~  passed  

b thc c l o t  dofl.eckers, and us t h o  v r a t o r  entered the o u t l e t  shu%o tho atroam 
z~~rnoaci. a t  n rate g r ~ ? a t e r  than Vna-1; rrf vrilich the v:alls divorgecl, Tile 
... ,,.,tcr, , L t o r c ,  iapingod O i l  t h e  wft? 1.: to form tho fine, f i r t f ~ o r  model 
t.asi;s sfrovrcd -that 3y .;losin& tho ga:e %?JOLII; 5 poroect, tho f ins  were 
cn5irel;. eliztinntml (~igux.0  9E), ' f 1 i . i ~  rartiai  gato closure red.uced the  
:.nx~nurn w t e  of discharge a t  an 80-foot head from GOY -to 776 of's, or 
a30u-k 3 percozzi;. 3inse t h i s  r.sd,~ict;ion i n  capaoity i s  liot s e r i ~ u s ,  it i s  
rcocm:cnda% that khc xaxim. gate openirrr, bc limi.ted t o  95 perclsnli of 
f1-1ll-ope~ f o r  all coma1 o ~ e ~ t i n g  c o ~ l d i t i o n s ,  In. cases c f  cmergencly," 
$he z:w.~.m c a p ~ r i i t ~  nay' bc obtalnod by opsning the gat-c~ fully. 

Dischrlrgo zaprc,it,y zumsc were dotom,ined for t h e  s-Lnndo.rd design 
i F i g u r ~ j  1 ~ )  and f o r  the inodif i e d  design with -tho narrow gate s l o t s ,  
s l ~ t  def lec tors ,  arrd eitk.cz* the  flat o r  the concave leaf (~igure 1 0 ~ ) ~  
'=he capaai.ky of the r ~ o d i i i e d  design is somcnvlznt less tlinn the s t n u d a d  

I "sign civ.e t o  t h s  .sbstruc*ti.c?_n_ ccrused by tho slot; d n f l e o t o r s  clld -ko ?he 
f low c o n t ~ a a 5 i o n  whish occurs davinstrem f ran tho squrre edge o f  t h e  
l o a f ,  3-19 coefficient of disnhargcfi based on the t o t a l  hoad on khs 
::ate centccrlin~, %he Et.rc$a of t h 3  condu i t  a t  t h o  gate entrance, and t h ~  
;eta I n@ open is C.84 f 2 ~  t h e  ~nodified gate  with either the flnl; or 
tronoaw l e a f ,  and is 0.95 f a r  tho s tandard  gnte-  

I 'j'hc availnbls t o t a l  haads at; the gats c e n t e r l i n e  af'kos the losses 
t i i rol~gh the qonduik str*ul=t;r;ra have been sub-kracted are ~ h o v ; ~  i.n dsshsd 
linos i n  Figire lC iA  mid E f'cr haade of 80 and 100 feet  ( r e a s m o i r  
alcvaticn 2144.0 and 2194.0 r e s p a ~ t i v e l ~ ) ,  

Discliarge ca.pacitjr c;umes f o r  ,tihe o u t l e t  works are presented i n  
-8 - . - l g l ~ ~ w  11 from which -the disohargo c a n  be dstexmined tlrhor; thc, ~eaemoir 
<.lavation and t h s  gate! s e t h i n ~  are k n g a .  

Fipnl i  12A sh~vr;? -t ' l -~~ gperat ior i  o f  t h e  s t i l l i n $  baain at t h e  design 
cliscfra:rgc 3i' 290 ;~~.:onC-.l"oet st. thg a ~ m l  head of 80 fee t  oud v ~ i Q i  t.he 



naur-maximum flow of 760 second-feet and a head a f  80 f e e t  i s  shown i n  
F igure  f 2 B ,  Tho v e l o c i t y  d i s t r i b u t i o n  a t  t h e  and of t h e  bas in  apron 
was good and no  objec t ionable  eddy c u r r e n t s  were p resen t ,  The maximun 
v a n a t i o n  i n  water  sur face  a t  the  end of t;ho apron, o r  t he  d i f f e r e n c e  
1.n e l eva t ion  between t h e  h ighes t  wave c r e s t  a n d  t h e  lowest  t rough f o r  
tho  d ischarge  of 760 second-feetvras 2 f e e t  pro to type ,  A t  t h e  des ign  
f low o f  200 second-feet  t h e  maximrun v a r i a t i o n  i n  water  sur face  was 1 
f o o t  prototype.  The scour i n  -the pea  gravel  used i n  t h e  model a . t  t h e  
canal en t rance  was n e g l i g i b l e .  

E f f e c t  of Baff le  P i e r s  - 
Baff le  pxars  mere i n s t a l l e d  i n  t h e  model and mwed upstream and 

I 

dovmstrem on t h o  basln f l o o r  t o  determine, by v i s u a l  examination, t h e  
opt imum l o c a t i o n  i n  t h e  bas in ,  Tho b e s t  l oca t ion  was found t o  b e  
S t e t i o n  11+87.50 o r  10 f e e t  downst~eam from t h e  t o e  of t h e  b a s i n  chute,  
L i t t l e  ohange i n  t h e  ope ra t ion  o r  t he  appearance of  t h e  bas in  was noted 
v d z t h  the p i e r s  i n s t a l l e d .  The p r o f i l e  of  t h e  water  i n  t h e  bas in  was 
dekermined bokh w i t h  and ~ L t h o u t  line bnf f l e  p i e r s  i n s t a l l e d ,  a t  f lovrs 
o f  200 and 750 second-feet and us ing  t h e  f l a t  g a t e  l e a f d  A t  both f lows 
t h o  change i n  t h e  p r o f i l e  due t o  t h e  p i e r s  was n e g l i g i b l e .  On t h e  b a s i s  
of these  r e s u l t s ,  olld because l i t t l e  d i f f e r e n c e  was evident  i n  t h e  wave 
a c t i o n  and v e l o c i t y  d i s t r i b u t i o n  a t  t h e  oanal  en t rance ,  it was conoluded 
that b a f f l e  p i e r s  were n o t  required, 

Training 'Nail Rate of  Divergence 
I 

I n  t h e  o r i g i n a l  des ign  of t h e  s t i l l i n g  bas in ,  tho  divergence 9f k l i ~  
t r e i n i n g  w a l l s  from t h e  g a t e  t o  S t a t i o n  11+31.58 was 1,43 f e e t  i n  10 
f e e t ,  whi le  t h e  divergenae from t h i s  p o i n t  t o  S t a t i o n  11+77.50 was 1.11 

I f e e t  i n  10 f e e t  ( ~ i g u r e  13). The model t e s t s  showed t h a t  t h e  ga te  d i s -  
charge sprsad on t h e  f l o o r  of tne  ehute immediately dmInstream f  ram t h e  
gate  ~ 5 t h  the  water  n e a r  the  wa l l s  flowing p a r a l l e l  t o  them, Vhen t h e  
florr passed i n t o  t h e  s e c t i o n  of l e s s e r  d i v e r g e ~ o e ,  the wator was de f l eo ted  
~nrvard, forming f i n s  a t  t h e  w a l l s ,  These f i n s  were p r e s e n t  at  all flovrs 
Sut were more ~ ronounced  when moderate q u a n t i t i e s  of water  were r e l e a s e d  
a t  h igh  heads. By modifying t h e  modal t r a i n i n g  w a l l s  t o  provide s t r a i g h t  
sur faoes  xrlYn one r a t e  of divergence from t h e  ga te  t o  t h e  pool entrenoe 

I 
( S  t a t i o n  11+77.50), t h ~  f i n s  caused by t h o  ohange i n  divergenoe were 
e Lirrunatod . Therefore,  t h i s  change was recommended f o r  tho pro to type  
s t ruo tu re .  

I.. 1 ai lwater  Elevat ion  Requi.rement5 

Fur the r  model t e s t s  were made t o  determine t h o  t a l l  water  e l e v a t i o n s  
r , q ~ L r e $  f o r  var ious  ope ra t ing  heads t o  prevent  t h o  water  i n  the  bas in  
from being swept; ou to  The r e s u l t s  of t h e  t e s t s  a r e  shown i n  F igure  14, 
togot*her vrith t h e  t a i l  wator  e l e v a t i o n s  \vhich a r e  expected t o  occur a t  
tkc structure. I t  i s  appmen t  that i n  a l l  ca ses  tho t a i l  water e l e v a t i o n  
~ v a i l a b l e  wil l  exceed t h e  e l eva t ion  required,  and tho re fo re ,  t h e r a  i s  no  
d m g e r  of t h e  water being sv~ep t  from t h e  bas in ,  

Inter l o r  -- Reclamat~on - Denver, Cola, 









A. Standard gate. 

B. Standard gate w i t h  l eve l  f.loor. 

C. Modified gate with flat leaf. 

Effect of gate design on flow distribution-- 
gate 23% open, 80 foot head, and 200 c f s  discharge 
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NO. I 
Pwr 

NQ 3 
Poor 

w, 

r: 
NO. 4 
Poor 

NO. 5 
PWK 

NO. 6 
Fair 

NO. 7 
Fair 

NO. 8 
Good 

NO. 10 
Fair 

The o k v e  nates refer to the nature of the 
d.xhorga produced Sy the leaf dcs~gn 

NO. I I 
Fair 

NO. 12 
Best  

CEDAR BLUFF DAM 
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GONGAVF LEAF DESIGNS 

1.12 SCALC YODEL 



CEDAR BLUFF  DAM 
OUTLET W O R K S  
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I .'I2 S C A L E  MODEL 



HYD. REPORT 245 
I 



A. Wide open. Q = 785 ccf. 

B-  5% closed. Q = 760 cfs. 

Modified gate with flat leaf--0peratln8 i n  wide-open 
and 5% closed positions. 
CEDAR ELTIFF OWLEX' WORKS 

1:12 Scale Model 

re 9 
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c3 .s Maximum w s. EI .  2194.0 , 

NOTE 
Any vuriufibns I ~ I  discborge from 

these curves as determined by 

from the ouflef works should be 
repor fed to fbe Chief Engi17eer 



Figure 12 
Hyd. Report 243 

A. Modified gate with flat. leaf discharging 200 cfs into stilling 
basin a t  a head of 80 fee t .  

B. Modified gate w i t h  flat leaf discharging 760 cfs into stilling 
basin at a head of 80 feet. 

Flow conditions in the stilling basin. 
CEDAR BLUFF 0UTI;ET worn 

1:12 Scale Model 
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2076  I 
Mox. T.W. ~ 1 . 2 0 7 4 . 3  0 

-Ta i lwater  available --- Ta i lwater  req'd. 
2072  8 

%ax. res. 
I I 1 1 I I 1 //w.s. El. 2194.0 1 

Uncontrolled spillway begins dis-,' i lwater elevation 
cho~ging a t  reservoir El. 2144.0--'/ reqb to pool 

2068  
from being swept out  
of basi n-f tat lea f go$; 

A //v--' 
r . e- 

I 

0' 

2064  / 
/ 

,-.Outlet only discharg ing / 
I I I 

/ 

,-Elev. of sfilling basin end sill 
2060  

2090 21 1 0  2130 eldo 2170 2190 

RESERVOIR WATER SURFACE ELEVATION- FEET 

NOTE S 
Head on outlet works slide-gate is 80' when the resevoir, 

elevation = 2144.0 (normal reservoir elevotion). 
The pool w i l l  not be swept out  of the basin a t  any possible 

combination of head ond discharge. 

C E D A R  BLUFF DAM 
OUTLET WORKS 

T A I L  WATER ELEVATION REQUIRED TO PREVENT SWEEPING POOL 
OUT OF S T I L L  I  NG BASIN, AND AMOUNT OF TAILWATER AVAILABLE 

1:12 S C A L E  MODEL 


